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Supplementary Table Legends 

 

Supplementary Table 1. Omic experiments. Summary of omic experiments performed on 35 

reference tissue donors and 36 disease tissue patients, including information for accessing raw 

data. 

 

Supplementary Table 2. 3D imaging and spatial transcriptomic experiments. Summary of 

spatial experiments encompassing 11 reference tissue donors and 30 disease tissue patients, 

including information for accessing raw data. 

 

Supplementary Table 3. Sample Clinical Data. Clinical and demographic attributes for all 45 

healthy and 48 disease kidney tissue donors used in this study. Abbreviations: BMI, body mass 

index; BUN, blood urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; A1C, 

hemoglobin A1C.  

 

Supplementary Table 4. snCv3 cluster annotations. Cell type annotations at different 

subclass levels and corresponding cell state identities for all snCv3 clusters. Mean genes, mean 

UMI and number of nuclei per region, condition and patient for all clusters are provided. 

 

Supplementary Table 5. snCv3 Cell Type Marker Genes. Curated table of marker genes 

identified from both this study and published sources (indicated references) for all snCv3 

subclasses.  

 

Supplementary Table 6. scCv3 cluster annotations. Cell type annotations at different 

subclass levels and corresponding cell state identities for all scCv3 predicted subclasses. Mean 

genes, mean UMI and number of cells per condition and patient for all clusters are provided. 

 

Supplementary Table 7. SNARE2 (RNA/AC) cluster annotations. Cell type annotations at 

different subclass levels and corresponding cell state identities for all SNARE2 predicted 

clusters (Post-AC processing and clusters > 50 nuclei, Methods). Mean genes, mean UMI and 

number of nuclei per region, condition and patient for all clusters are provided. 

 

Supplementary Table 8. snCv3 and scCv3 Computational Marker Genes. Marker genes 

identified using NSForestv2 for all snCv3 clusters and snCv3/scCv3 subclasses. The minimal 

set of combinatorial markers distinguishing each cell population are listed. Binary markers 

identified for each subclass, either unique to that subclass or also identified within other 

subclasses, are listed.  



 

Supplementary Table 9. Cell type-specific epigenomic features. Left table: SNARE2 

accessible chromatin data was used to identify differentially accessible regions (DARs) across 

all subclasses. P-values were calculated using Fisher's exact test on a hypergeometric 

distribution and adjusted P values (or Q values) were calculated using the Benjamini–Hochberg 

method. Middle table: transcription factor (TF) motif enrichments were identified for marker gene 

associated DARs. Observed - number of features containing the motif; background - total 

number of features containing the motif;  P-values were calculated using a hypergeometric test. 

Right table: subclass-specific TF motif accessibilities assessed using ChromVar. P-Values were 

calculated using the Wilcoxon Rank Sum test and adjusted P-Values were calculated using the 

Benjamini–Hochberg method. 

 

Supplementary Table 10. Cell state definitions. Table of cell states and their corresponding 

descriptions. Subclass groupings used to identify state-specific gene expression signatures are 

provided. 

 

Supplementary Table 11. aEpi differentially expressed genes (snCv3). Left table: 

differentially expressed genes (DEGs) between proximal tubules (PT) and adaptive PT (aPT) for 

snCv3 that were found conserved across patient conditions (Reference, AKI, CKD). P values 

were calculated using the Wilcoxon Rank Sum test and adjusted P values were calculated using 

the Benjamini–Hochberg method. Maximum and minimum P values across the conditions are 

provided.  Right table: same as for the left table except showing conserved DEGs between the 

thick ascending limb (TAL) and adaptive TAL (aTAL). 

 

Supplementary Table 12. Conserved degenerative state marker genes. List of degenerative 

marker genes identified separately for snCv3 and scCv3. Filter criteria used to achieve minimal 

and expanded gene sets are provided. Indicated P values (pval) were calculated using the 

Wilcoxon Rank Sum test and adjusted P values (pval_adj) were calculated using the Benjamini–

Hochberg method. Log2fc is log2 fold change; number of cell types refers to the number of cell 

types having degenerative states where the gene was identified as a degen marker. 

 

Supplementary Table 13. Conserved adaptive epithelial (aEpi) state marker genes. List of 

adaptive epithelial (aPT/aTAL) marker genes identified separately for snCv3 and scCv3. Filter 

criteria used to achieve minimal, full and expanded gene sets are provided. Indicated P values 

(pval) were calculated using the Wilcoxon Rank Sum test and adjusted P values (pval_adj) were 

calculated using the Benjamini–Hochberg method. Log2fc is log2 fold change. 

 

Supplementary Table 14. Conserved adaptive stromal (aStr) state marker genes. List of 

adaptive stromal (aFIB, MYOF) marker genes identified separately for snCv3 and scCv3. Filter 

criteria used to achieve minimal, full and expanded gene sets are provided. Indicated P values 

(pval) were calculated using the Wilcoxon Rank Sum test and adjusted P values (pval_adj) were 

calculated using the Benjamini–Hochberg method. Log2fc is log2 fold change; number of cell 

types refers to the number of adaptive states (aFIB, MYOF) where the gene was identified as an 

adaptive marker. 



 

Supplementary Table 15. Conserved cycling state marker genes. List of cycling genes 

identified separately for snCv3 and scCv3. Filter criteria used to achieve minimal and full gene 

sets are provided. Indicated P values (pval) were calculated using the Wilcoxon Rank Sum test 

and adjusted P values (pval_adj) were calculated using the Benjamini–Hochberg method. 

Log2fc is log2 fold change. 

 

Supplementary Table 16. Adaptive PT trajectory gene expression modules. Genes 

showing expression differences as a function of estimated pseudo-time across the proximal 

tubule (PT) trajectory (snCv3). Corresponding trajectory modules are indicated. P values were 

calculated using F-test and adjusted P values were calculated using the Benjamini–Hochberg 

method.  

 

Supplementary Table 17. Adaptive TAL trajectory gene expression modules. Genes 

showing expression differences as a function of estimated pseudo-time across the thick 

ascending limb (TAL) trajectory (snCv3). Corresponding trajectory modules are indicated. P 

values were calculated using F-test and adjusted P values were calculated using the Benjamini–

Hochberg method.  

 

Supplementary Table 18. Adaptive epithelial module reactome pathway analyses. 

Pathway analysis using the Reactome online tool (reactome.org/PathwayBrowser/) for gene 

sets enriched in each aPT or aTAL module. P values were calculated using a Binomial Test and 

adjusted P values, or False Discovery Rates (FDR), were calculated using the Benjamini-

Hochberg approach. 

 

Supplementary Table 19. Predicted PT and TAL state TF activities. TF activity scores 

predicted from PT and TAL subclass DEGs. Average values indicate the predicted mean TF 

activity for a specific cell population.  

 

Supplementary Table 20. aEpi trajectory TFBS accessibilities. Differential TFBS 

accessibilities (ChromVar) were identified from SNARE2 data for each of the aEpi (aPT and 

aTAL) trajectory modules. P values were calculated using the Wilcoxon Rank Sum test and 

adjusted P values were calculated using the Benjamini–Hochberg method.  

 

Supplementary Table 21. aTAL dynamical genes. Left table: the top dynamical genes by 

latent time identified using scVelo for all TAL modules. Right tables: associated gene ontologies 

for each TAL module gene set found in the left table. P values were calculated using the 

Fisher's Exact test and adjusted P values (FDR) were calculated using the Benjamini–Hochberg 

method. 

 

Supplementary Table 22. TAL Module Gene Regulatory Networks (GRNs). Network scores 

and corresponding metrics for TAL trajectory module-specific GRNs that were generated using 

Celloracle.  

 



Supplementary Table 23. TAL Module GRN Filtered Links. TF and corresponding gene 

target links that were identified from TAL trajectory module-specific GRNs (Celloracle). P values 

were calculated using one-sample t-tests. 

 

Supplementary Table 24. TAL Module GRN TF Targets. Left table: summary of module-

specific target genes for select TFs (individual or grouped by signaling pathways) from TAL 

trajectory module-specific GRNs (Supplementary Table 23). P values were calculated using 

one-sample t-tests. Right tables: corresponding gene ontology analyses for gene sets shown in 

left tables. P values were calculated using the Fisher's Exact test and adjusted P values (FDR) 

were calculated using the Benjamini–Hochberg method. 

 

Supplementary Table 25. TAL repair niche ligand-receptor pairs. CellChat ligand-receptor 

pairs between TAL repair (adaptive/maladaptive) niche cell types. 

 

Supplementary Table 26. Stromal (STR) Gene Regulatory Networks (GRNs). Network 

scores and corresponding metrics for STR subpopulation-specific GRNs that were generated 

using Celloracle.  

 

Supplementary Table 27. STR GRN Filtered Links. TF and corresponding gene target links 

that were identified from STR subpopulation-specific GRNs (Celloracle). P values were 

calculated using one-sample t-tests. 

 

Supplementary Table 28. STR GRN TF Targets. Left table: summary of subclass-specific 

target genes for select TFs (individual or grouped by signaling pathways) from STR 

subpopulation-specific GRNs (Supplementary Table 27). P values were calculated using one-

sample t-tests. Right tables: corresponding gene ontology analyses for gene sets shown in left 

tables. P values were calculated using the Fisher's Exact test and adjusted P values (FDR) 

were calculated using the Benjamini–Hochberg method. 

 

Supplementary Table 29. Clinical outcomes gene sets. Altered state gene sets used for 

clinical outcomes assessment. 

 

Supplementary Table 30. Clinical analyses of altered state scores. Results of clinical 

outcomes assessments for altered state gene sets using the NEPTUNE (left tables) and ERCB 

(right tables) cohorts.  

 

Supplementary Table 31. Motif enrichments within TAL-associated causal SNP peaks. 

Transcription factor (TF) motif enrichments were identified for chromosomal regions colocalizing 

with kidney disease- or trait-associated causal variant SNPs. Only chromosomal regions that 

were further linked to genes expressed within the TAL were used. Observed - number of 

features containing the motif; background - total number of features containing the motif;  P-

values were calculated using a hypergeometric test.  

 



Supplementary Table 32. Gene sets that distinguish AKI and CKD patients in aPT and 

aTAL trajectories. Left tables: gene sets that best differentiate AKI from CKD patients in PT 

and TAL cell populations (snCv3 and scCv3) as measured by their area under the curve (AUC) 

scores. Right tables: corresponding functional gene module detection (HumanBase) was 

performed for gene sets shown in left tables. Q values are calculated using one-sided Fisher’s 

exact tests and the Benjamini–Hochberg correction method. 

  

Supplementary Table 33. Gene sets that distinguish AKI and CKD patients in broad 

subclasses. Genes that were differentially expressed (DEGs) between AKI and CKD across all 

subclasses (level 1). P values were calculated using the DESeq2 Wald test adjusted P values 

were calculated using the Benjamini–Hochberg method.  

 

Supplementary Table 34. Neptune cohort biopsy characteristics. Time of biopsy 

characteristics of participants in Neptune cohort used in this study. Continuous, normally 

distributed variables are presented as mean (SD). Continuous, non-normally distributed 

variables are presented as median (IQR). 

 

Supplementary Table 35. 3D imaging antibody table. Antibodies and dilutions used in 

mesoscale 3D imaging for 3D cytometry. 

 

Supplementary Table 36. Immunofluorescent (IF) imaging antibody table. Antibodies and 

dilutions used in confocal IF imaging. 

 

Supplementary Table 37. 3D cytometry markers. Tabulation of select marker based 3D 

cytometry results. 

 

 

 

Supplementary Figure Legends 

 

Supplementary Figure 1. SNARE2 cell type regulatory profiles. a. Coverage plots showing 

SNARE2 AC read pile-ups for genomic regions associated with cell type marker genes. Violin 

plots show corresponding SNARE2 RNA gene expression values. b. Heatmaps showing 

averaged scaled chromatin accessibility values for differentially accessible regions (DARs) 

identified for cell type specific differentially expressed genes (DEGs, Methods). Select TF motifs 

enriched within the cell type specific DARs are shown. c. Dot plots showing average TFBS 

accessibilities (chromVAR) and proportion accessible for SNARE2 AC cell types. This permitted 

discovery of cell-type-specific TF activities, including HNF4A in proximal tubule (PT), ESRRB in 

the TAL, GATA3 in the collecting tubules, FOXI1 in IC cells, SOX17 in ECs and MEF2D in 

VSMC/P. 

 



Supplementary Figure 2. Altered state expression signatures. a. Violin plots showing 

degenerative state scores and degenerative features (percent mitochondrial transcripts; percent 

ER or ribosomal transcripts; CST3, CLU and IGFBP7 expression) for reference or degenerative 

states of snCv3 level 1 subclasses. b. Dot plots showing SNARE2 average accessibilities 

(chromVAR) and proportion accessible for common degenerative TFBSs showing differential 

activity in 3 or more subclass level 1 cell types.  

 

Supplementary Figure 3. A healthy kidney reference atlas. a. UMAP plot of reference state 

level 3 subclasses for both snCv3 and SNARE2 (RNA) data. Only samples with condition level 1 

and state level 1 being classified as reference were included (see Supplementary Tables 1, 4 

and 7). Insets show mapping of the tissue region, sex and assay identities. b. Dot plot showing 

averaged marker gene expression values (log scale) and proportion expressed for integrated 

snCv3/SNARE2 (a) level 3 subclasses. 
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